Background-Heart failure is a common Emergency Department (ED) presentation but whether ED volume influences patient outcomes is unknown. 
P atient outcomes are better for those patients hospitalized in institutions with higher case volumes, [1] [2] [3] [4] [5] especially for surgical conditions. 6, 7 Heart failure (HF), one of the most common reasons for hospitalization in North America, 8, 9 is one of the few cardiovascular conditions with an increasing prevalence, 10 and hospitalization rates are continuing to increase. 11 Recently, Joynt and colleagues 12 reported that patients admitted to hospitals with medium (200-400 HF cases per 23 months) or high HF volume (>400 HF cases per 23 months) exhibited lower rates of mortality or readmission within 30 days than those patients admitted to low-volume hospitals. Process measures (such as percentage of patients with HF who received discharge instructions) were also more often completed in the medium-or high-volume hospitals. Ross and colleagues also showed that admission to a hospital with higher HF case volume was associated with a reduction in 30-day mortality. 5 
Clinical Perspective on p 1154
Although most patients with HF admitted to hospital first present to an emergency department (ED), 10, 13 we are not aware of any studies till date that have examined whether ED experience with managing HF influences outcomes. Specifically, we asked the question "do EDs that see higher volumes of HF cases discharge a higher proportion home, admit a sicker spectrum of patients, and have better outcomes than lower volume EDs?"
Methods

Study Setting and Data Sources
Alberta is a Canadian province that provides government-funded universal access to hospitals, EDs, and outpatient physician services for all 3.7 million Albertans under a single integrated health authority. For this study, we used deidentified linked data from 4 administrative databases: the Ambulatory Care Classification System Database (ACCS), Alberta Health Care Insurance Plan Registry, Discharge Abstract Database (DAD)¸ and the Health Practitioner Claims Database. The ACCS captures all patient visits to EDs and contains information on acuity and outcomes (eg, death, admission, discharge). Chart abstraction and coding for up to 10 diagnostic fields are performed by trained nosologists using the diagnoses assigned by attending physicians. The Alberta Health Care Insurance Plan Registry tracks date of death or emigration from the province. The November 2013 DAD includes the admission and discharge dates, acuity, the most responsible diagnosis assigned by the attending physician, and up to 24 other diagnoses coded by trained nosologists using standard definitions in each hospital.
Emergency Departments
EDs were defined as centers open 24 hours per day receiving ambulances and with inpatient capacity. We excluded the EDs associated with the 2 provincial pediatric hospitals. Of the 93 EDs in Alberta that met our definition, we a priori divided the HF cases into tertiles based on the average annual volume of HF cases seen in each ED (ie, not the total bed base or number of ED visits for any cause).
Study Cohort
We identified all Albertans >20 years presenting to an ED between January 1, 1999 and July 1, 2009 for a most responsible diagnosis (assigned by the ED attending physician) of HF using The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code 428.x or ICD-10 code I50.x, codes previously shown to be accurate for HF when validated against chart audit in Alberta (93% positive predictive value). 14 We excluded patients who were dead on arrival or left without being seen and created ED episodes of care by grouping ED visits within one day of each other; in cases where a patient was seen in multiple EDs within 24 hours, we assigned their case to the last ED they visited. For patients with multiple ED visits with a most responsible diagnosis of HF, we randomly selected 1 episode per calendar year for each patient (rather than just the first ED visit to avoid bias arising from the impact of seasonality on outcomes).
In a preplanned sensitivity analysis, we restricted analyses to patients who were not transferred between EDs and not admitted to a long-term care facility within 30 days of the index ED visit. In a post hoc sensitivity analysis, we categorized EDs into tertiles based on all ED adult visits (rather than just HF visits) and weighting the tertiles by the number of cases seen within each tertile (as was done for the primary analysis).
Outcomes
We examined the proportion of patients discharged home (treat and release) from their index ED visit and had 2 primary outcomes. For those patients treated and released after their index ED visit, our a priori specified primary outcome was the composite of death, allcause nonelective hospitalization, or repeat ED visit within 30 days of the index ED visit (we examined 90-day events as a secondary outcome). For patients admitted to hospital as a result of their index ED visit (defined as a hospitalization at the same institution within 24 hours of the ED visit time), our a priori specified primary outcome was 30-day death or all-cause readmission from the time of index ED visit (excluding the initial hospitalization from the readmission rate obviously), and secondary outcomes we examined included length of stay for the hospitalization associated with the index ED visit and 30/90-day death/all-cause readmissions/all-cause ED visits. These are patient-oriented outcomes that are highlighted in the Affordable Care Act and advocated by the American Heart Association (AHA) Get With the Guidelines-Heart Failure (GWTG-HF) project, 15, 16 and there are validated risk adjustment models 17 for these outcomes in discharged patients.
Covariates
Comorbidities for each patient were identified using ICD-9 and ICD-10 codes from the ACCS, DAD, and the Health Practitioner Claims databases, using data from the index ED visit and all visits/claims in each database in the previous 12 months, a method previously validated in Alberta databases. 17, 18 We also recorded health resource use in the year before the index ED visit (outpatient visits, ED use, and hospitalizations) because they have previously been shown to be risk factors for early readmission or death in patients with HF. 17 Physicians were classified as specialists if their specialty was internal medicine or cardiology. Patients were classified as rural based on the postal code of their residence. 19 For patients who were hospitalized at the time of their index ED visit, we calculated their LACE scores at the time of discharge: the LACE score is an index for predicting unplanned readmission or death in the first month after discharge, which has been previously validated in Canadian administrative databases for patients discharged from hospital 17, 20 and can be used to compare patient risk at the time of discharge.
Statistical Analysis
Comparisons of baseline characteristics among the groups were performed using χ 2 tests for categorical variables and ANOVA for continuous variables. Multiple logistic regression models were used to compare outcomes between patients discharged from mediumor high-volume HF EDs with those discharged from EDs with less experience managing HF, including covariates known to be prognostically important and covariates that were statistically different between ED volume tertiles. Of note, because hospital size was strongly correlated with ED volumes, we did not include hospital size in any of the multivariate models. However, in a sensitivity analysis, we performed a Generalized Estimating Equation (GEE) logistic analysis using an exchangeable correlation structure for the GEE analysis and including hospital as a cluster variable plus all of the other covariates included in the multivariate models. Backward elimination was used to obtain the final set of statistically significant covariates for each outcome. Model calibration was validated using the Hosmer-Lemeshow goodness-of-fit test, and discriminative ability was evaluated using the c-statistic for each model (which ranged between 0.64 and 0.72).
For the length of stay comparisons in those patients admitted to hospital, we used Poisson regression models to generate adjusted means for each of the 3 groups. All statistical analyses were performed using SAS version 9.3 (Cary, NC), and a probability value of <0.05 was considered significant.
Results
Patient Characteristics
During the 10-year study period, there were 44 925 adult ED visits with a most responsible diagnosis of HF in the 93 Alberta EDs ( were transferred between EDs at the index visit and, in 87% of the cases (n=715), the transfer was from a lower volume to a higher volume ED.
For those patients admitted to the hospital, risk profiles were similar across tertiles (eg, mean LACE scores were 11.7 versus 11.7 versus 11.8 in the 3 tertiles; Table 1 ). Risk profiles for treated and released patients were also similar between the 3 ED tertiles ( Table I in 
ED Volumes
Annual ED volumes for HF were left skewed (Figure in the online-only Data Supplement) with most Alberta EDs seeing <50 HF cases per annum. Dividing the 93 EDs into tertiles resulted in few cases (3473 from 31 EDs that saw <18 cases per annum) in the lowest tertile. Thus, we divided the cohort into tertiles on the basis of annual ED HF volumes weighted by the number of cases seen. Thus, patients in the lowest HF volume tertile were seen in EDs with <62 HF cases per annum, whereas patients in the highest tertile were cared for in EDs that saw >320 cases per year. Higher volume EDs were more likely to see urban patients, women, patients with higher incomes, and patients with comorbidities (Table 1) . Reflecting their rural location, low-volume EDs were more likely to encounter patients with fewer outpatient physician and specialist visits in the previous year but a higher frequency of ED visits and hospitalizations.
Outcomes
Mortality during the index ED visit was similar across volume tertiles (0.2%-0.3%), and mortality within 30 days of the index ED visit was similar after adjusting for covariates (7 There was an inverse association between ED volume (analyzed as a continuous variable with each of the 93 EDs in Alberta contributing 1 data point) and the proportion of patients treated and released from the ED (Figure 2 ; Pearson correlation coefficient=−0.40; P<0.0001) and adverse outcomes (proportion with 30-day death/hospitalization/repeat ED visit) for patients treated and released (Figure 3 , and the LACE scores at the time of discharge were identical for patients hospitalized after their index ED visit in the 3 tertiles (ie, the 3 groups had similar estimated 30-day prognoses by the time they were ready for discharge from hospital; Table 1 (Table 2) , and if we examined median percentages and IQRs within each CI indicates confidence interval; ED, Emergency Department; and OR, odds ratio. Variables included in each of the multivariate models are as follows: *Rural residence, male, age, number of ED visits previous 6 mo, number of hospitalizations previous year, number of physician office visits previous year, specialist office visit in previous year, Charlson score, diabetes mellitus, dementia, hypertension, atrial fibrillation, previous MI or previous revascularization, transfer during index ED episode. †Rural residence, male, age, number of physician office visits previous year, hypertension, atrial fibrillation. ‡Rural residence, male, age, number of hospitalizations previous year, specialist office visit previous year, diabetes mellitus, dementia, hypertension, chronic obstructive pulmonary disease (COPD), anemia, renal disease, previous MI or previous revascularization, transfer during index ED episode, admitted at index ED episode. §Rural residence, male, age, number of ED visits previous 6 mo, number of hospitalizations previous year, Charlson score, hypertension, anemia, renal disease, atrial fibrillation, transfer during index ED episode, admitted to long-term care within 30 days.
║Rural residence, male, age, number of ED visits previous 6 mo, number of hospitalizations previous year, dementia, hypertension, COPD, renal disease, previous MI or previous revascularization, transfer during index ED episode, admitted to long-term care within 30 days, hospitalization length of stay, saw specialist during hospitalization, admitted to Intensive Care Unit during hospitalization. November 2013 tertile: 25% (IQR 22%-27%) in low-volume EDs, 23% (IQR 21%-24%) in medium-volume EDs, and 18% (18%-19%) in high-volume EDs. There was an inverse association between annual HF ED volume and adverse outcomes (30-day rates of death or rehospitalization) for patients who were hospitalized at the time of the index ED visit (Pearson correlation coefficient=−0.30; P=0.0039).
Our sensitivity analysis, excluding the 821 patients transferred to another ED during their index ED visit and the 2030 patients admitted to a long-term care facility, confirmed the robustness of our findings because none of the results outlined above were substantially different ( Table 2 in the online-only Data Supplement). Similarly, results were nearly identical in our sensitivity analysis, which categorized EDs into tertiles on the basis of total adult cases seen per annum rather than HF cases ( Table 3 in the online-only Data Supplement).
Post hoc, we evaluated the proportion of patients seen in outpatient clinics by physicians within 30 days of their index ED visit and found this to be similar across ED tertiles: 62.8% of those initially assessed in low-volume EDs, 64.7% of those evaluated in medium-volume EDs, and 61.8% of those seen in high-volume EDs. When we included outpatient follow-up visit within 30 days as a covariate in the multivariate analyses reported in Table 2 , we found that this did not result in appreciable changes in our aOR after adjustment for the other covariates already included in the multivariate models (eg, the aOR for death, hospitalization, or ED visit in the first 30 days for treat and release patients changed from 0.67 [0.61-0.74] to 0.68 [0.62-0.75]).
Discussion
HF consumes valuable ED resources. There are 3 key findings from our study. First, we found a substantial and statistically significant difference between EDs stratified by their annual HF case volume in the proportion of patients treated and released versus hospitalized. Second, we found that although low-volume EDs were more likely to treat and release patients presenting with HF, these patients exhibited worse outcomes (largely driven by repeat ED visits and nonelective hospitalizations) in the next 7, 30, and 90 days than patients with HF who were treated and released from medium-and high-volume EDs. Third, we found that although lower volume EDs hospitalized a lower proportion of the patients, the risk profile of admitted patients was similar between low-, medium-, and high-volume EDs. Patients who had initially been seen in higher volume EDs, however, exhibited shorter lengths of stay and lower risks of 30-day and 90-day death or rehospitalization after discharge than those admitted from lower volume EDs.
Till date, few studies have examined the relationship between ED case volume and different medical conditions, and specifically no studies have examined this relationship for HF. Tsai et al 21 reported that patients with acute exacerbations of chronic obstructive pulmonary disease (COPD) admitted from high-volume EDs (>189 COPD cases per year) had an ≈50% lower risk of death within the first 3 days of admission compared with those admitted from lower volume EDs, even after adjustment for baseline differences in covariates. Although more studies have examined the effect of hospital volume on inpatient outcomes, there have been conflicting results. [1] [2] [3] [4] [5] [6] [7] 12, 22 There are many potential reasons for our finding that higher volume EDs are associated with better outcomes for patients with HF. For example, high-volume EDs may have more experienced physicians and nurses and better access to resources for patient education and prompt outpatient follow-up. 23, 24 Although 30-day outpatient follow-up rates were similar between ED tertiles in our cohort, a more complete examination of this issue is needed and would require consideration of physician specialty, frequency of outpatient contact, and provider continuity-all factors which have recently been shown to influence outcomes in patients with HF. 25 Because triage and transport from a remote community to a large volume ED is not practical (and not likely favorable from the perspective of patients) in a large geographic area such as Alberta, there may be a potential role for other interventions for patients with HF being assessed in low-volume EDs, such as telemonitoring. 26 Given that the low-volume EDs were more likely to treat and release patients, resulting in a higher number of repeat ED visits, low-volume EDs may be inappropriately triaging patients; even physicians at high-volume EDs struggle with the decision to admit or discharge. 27 Developing sensitive, specific, and sensible risk prediction tools for adverse events for patients with dyspnea presenting to the ED will be beneficial in closing this care gap. 28 Despite reporting outcomes (adjusted for comorbidities and previous health resource use) in all adults presenting to any of the EDs in Alberta, there are some limitations to our analysis. First, we relied on administrative data to define HF and do not have information on ejection fraction, natriuretic peptide levels, or clinical severity of illness. However, we used validated ICD codes and data definition algorithms 18 for HF and comorbidities, and the outcomes we evaluated (admissions, mortality, rehospitalizations, and repeat ED visits) are relevant in patients with HF regardless of left ventricular ejection fraction, pathogenesis, or clinical status. Second, we did not adjust for the volume of patients with HF treated by specific physicians, but a previous study in Alberta demonstrated no physician volume-outcome relationship for readmissions (aOR 1.1 [95% CI, 0.95-1.3]), 29 and studies of volume-outcome relationships have demonstrated that the incremental benefits of experience are small once a minimum threshold is achieved. 12 Third, as with any observational study, there is the potential that our results may be influenced by confounding by indication, sicker patients may be more likely to present to higher volume EDs, and the differences we found among the tertiles in baseline covariates seem to support this supposition. In fact, this makes our findings of better outcomes for patients seen in higher volume EDs even more striking because this confounder would have worked in the opposite direction. Fourth, we did not have information on the type of physicians working in each ED, ED length of stay, treatments administered in these EDs, and compliance with recommendations after discharge, all of which may have influenced outcomes. None of the current databases contain that degree of granular detail; however, as electronic medical records expand, this may become possible. Fifth, although nearly two thirds of cases had outpatient visits within 30 days after the ED visit (and this was associated with better outcomes), this would also have biased our results toward the null and, thus our estimates of the benefits of being seen in higher volume EDs are conservative. Finally, we examined deaths and rehospitalizations in the 30 days after the index ED visit; although current Get With the Guidelines and Centers for Medicare & Medicaid Services quality measures focus on these events, they do so in the 30 days after hospital discharge.
Conclusions
We found that patients with HF seen in EDs caring for higher volumes were less likely to be sent home and had better outcomes (largely driven by lower readmission and repeat ED visits) whether treated and released or admitted to hospital. Further studies are required to pinpoint the reasons why high-volume EDs have better clinical outcomes to develop educational and clinical resources for staff working in lowvolume EDs, with the goal of improving performance and patient outcomes. Indeed, given that almost one sixth of all patients treated and released from EDs die or present in an emergent manner to an ED again within 7 days, all ED clinicians urgently require valid, reliable, and sensible decision tools to assist in making safe admission/discharge dispositions for patients with acute HF.
